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Abstract

This thesis evaluates the role of Unrecognized Tax Benefits (UTBs) as a proxy
for corporate tax avoidance and investigates how this relationship changed
following the 2017 U.S. Tax Cuts and Jobs Act (TCJA). While traditional tax
avoidance proxies such as effective tax rates (ETRs) and book-tax differences
have known limitations, UTBs offer a potentially more direct measure of tax-
related uncertainty and aggressiveness. We use a panel of U.S. firms from
2015 to 2023 to replicate and extend the findings of Dyreng et al. (2019),
applying Iteratively Reweighted Least Squares (IRLS) and quantile regression.
Our results show that the positive association between tax avoidance and UTBs
has weakened in the post-TCJA period and is concentrated among firms with
high UTB levels. To identify the causal effects of the TCJA, we implement a
quantile difference-in-differences (DiD) approach using treatment groups based
on tax haven exposure, high UTB levels, and low ETRs. We find that the
TCJA significantly reduced UTBs, particularly among firms with aggressive
pre-reform tax behavior, suggesting a decline in tax uncertainty. However, the
effect is not uniform and is concentrated in the upper quantiles of the UTB
distribution. These findings highlight the limitations of UTBs as a one-size-fits-
all proxy for tax avoidance and show that their informativeness varies across
firms. Moreover, our study provides empirical evidence that major tax reforms

can shift corporate tax behavior toward greater conservatism.

JEL Classification G14, G32, H26, K34 M41
Keywords Unrecognized Tax Benefits, Tax Avoidance,
TCJA, Quantile Regression, Difference-in-

Differences

Title Assessing the Role of Unrecognized Tax Benefits

as a Proxy for Tax Avoidance


http://ideas.repec.org/j/G14.html
http://ideas.repec.org/j/G32.html
http://ideas.repec.org/j/H26.html
http://ideas.repec.org/j/K34.html
http://ideas.repec.org/j/M41.html

Abstrakt

Tato diplomova prace se zabyva roli nevyuzitych danovych odpocti (UTB)
jako nastroje pro méreni danové optimalizace a zkoumd, jak se tento vztah
zménil po prijeti daniové reformy Tax Cuts and Jobs Act (TCJA) ve Spojenych
statech v roce 2017. Tradi¢né pouzivané proxy promeénné, jako jsou efektivni
danové sazby (ETR) nebo rozdil mezi i¢etnim a danovym ziskem, maji zndma
omezeni. Naproti tomu UTB mohou poskytovat presnéjsi obraz o mire danové
nejistoty a agresivity firemniho danového planovani. Ve své analyze vyuzivame
panelova data americkych firem z let 2015 az 2023 a replikujeme a rozsirujeme
zjisténi studie Dyreng et al. (2019) s vyuzitim metody iterativné vazenych nej-
mensich ¢tverci (IRLS) a kvantilové regrese. Nase vysledky ukazuji, Zze po-
zitivni vztah mezi danovou optimalizaci a vysi UTB po prijeti TCJA oslabil,
a to zejména u firem s vysokymi hodnotami UTB. Pro identifikaci kauzalnich
dopadi TCJA aplikujeme kvantilovou difference-in-differences (DiD) metodu
na zakladé definice experimentéalnich skupin podle expozice danovym rajtm,
vyse UTB a nizkych ETR. Zjistujeme, ze TCJA vedla k vyraznému poklesu
UTB, zejména u firem s agresivnim danovym chovanim pted reformou. To na-
znacuje, ze reforma prispéla k snizeni danové nejistoty. Tento efekt vSak neni
rovnomeérny a soustfedi se do vyssich kvantili rozdéleni UTB. Nase zjisténi
poukazuji na omezeni UTB jako univerzalniho nastroje pro méreni danové op-
timalizace a ukazuji, ze jejich vypovidaci hodnota se mezi firmami lisi. Zaroven
poskytujeme empiricky dikaz o tom, Ze rozsahlé danové reformy mohou zmeénit

firemni danové chovani smérem k vétsi opatrnosti.

Klasifikace JEL G14, G32, H26, K34 M41
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Chapter 1
Introduction

Corporate tax avoidance has drawn increasing attention from academics, poli-
cymakers, and the general public in recent decades. Multinational enterprises,
in particular, have been criticized for exploiting gaps in domestic and inter-
national tax systems to minimize their tax burden by using complex legal
strategies that take advantage of loopholes, deferrals and mismatches between
countries’ tax rules (Dharmapala 2014; Clausing 2020). The resulting erosion
of government revenue and public trust has triggered significant tax policy re-
forms worldwide, including the U.S. Tax Cuts and Jobs Act (TCJA) of 2017. In
this regard, there is a growing need for more robust empirical tools to measure

and understand corporate tax avoidance behavior.

A key challenge in this area of research lies in the difficulty of directly observing
firms’ tax avoidance activities. Due to the opaque and strategic nature of tax
planning, researchers typically rely on indirect proxies such as Effective Tax
Rates (ETRs) or Book-Tax Difference (BTD). While informative, these metrics
have notable limitations. ETRs, for instance, can be distorted by temporary
differences or loss carryforwards (Drake et al. 2020), while BTDs often mix earn-
ings management with tax strategy (Henry & Sansing 2018). In light of these
issues, Unrecognized Tax Benefits (UTBs)—contingent liabilities reported un-
der the Financial Accounting Standards Board (FASB)’s Interpretation No. 48
(FIN 48)—have emerged as a promising alternative proxy. Some critics of FASB
Interpretation No. 48 (FIN 48) argue that mandating the disclosure of UTBs in
financial statements may effectively offer tax authorities a “roadmap” to a com-
pany’s most contentious tax positions (Cazier et al. 2009). This perspective

raises an important question: if UTBs truly reflect aggressive tax behavior, then
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their disclosure may carry not only informational value for investors but also
regulatory relevance. By definition, unlike traditional measures, UTBs reflect
managerial estimates of tax positions that may not withstand scrutiny upon au-
dit, providing unique insights into the uncertainty and aggressiveness of firms’
tax strategies (Cazier et al. 2009; Blouin & Robinson 2014).

In this thesis, we investigate the role of UTBs as a proxy for tax avoidance by
addressing two main research questions. First, do firms that engage in greater
tax avoidance—as indicated by lower cash ETRs—also report higher levels of
UTBs? Second, how did the implementation of the TCJA, which fundamentally
overhauled international tax rules, affect the relationship between tax uncer-

tainty and tax avoidance?

To address these questions, we conduct a two-part empirical analysis. In the
first part, we replicate and extend the study by Dyreng et al. (2019), using a
more recent dataset from 2015 to 2023. Our replication fails to confirm their
original findings of a strong positive relationship between tax avoidance and
UTBs. Instead, we find that this relationship has weakened in the post-TCJA
period and is only significant at the upper end of the UTB distribution. Specif-
ically, quantile regression reveals that tax avoiders exhibit significantly higher
UTB levels only at the 75th percentile, indicating that the link between tax
avoidance and tax uncertainty is not uniform but concentrated among more
aggressive firms. In the second part, we implement a quantile Difference-in-
Differences (DiD) analysis to estimate the causal effect of the TCJA on UTBs.
We define three different treatment groups based on tax haven exposure, pre-
reform UTB levels, and low ETRs. Our results show that the TCJA significantly
reduced UTB levels among firms with high tax uncertainty and aggressive tax
planning strategies, particularly those with extensive tax haven subsidiaries.
These reductions are again concentrated at the upper quantiles of the UTB
distribution, reinforcing the idea that policy reforms have differential effects

depending on the firm’s tax profile.

This thesis makes three key contributions to the literature. First, by using more
recent data and refined econometric techniques, we reassess the robustness of
UTBs as a proxy for tax avoidance, finding that it is relevant only among firms
with more aggressive tax positions, challenging the view of UTBs as a general—

purpose proxy. Second, we contribute methodologically by applying quantile
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regression and quantile DiD analysis to study the heterogeneity in the rela-
tionship between tax avoidance and tax uncertainty. While prior research has
relied primarily on mean-based estimators such as OLS, we demonstrate that
the effect is not uniform across firms—an aspect that would be overlooked in
conventional mean-based analyses (Koenker & Bassett 1978). Third, we lever-
age the 2017 U.S. TCJA reform as a natural experiment to identify the causal
impact of major tax reform on corporate tax uncertainty. We find that the
TCJA significantly reduced UTB levels among firms with high tax haven expo-
sure and high pre-reform UTBs at the 75th percentile of the UTB distribution.
These results suggest that the reform led aggressive firms to reduce their tax
uncertainty, possibly due to lowered incentives for international tax arbitrage.
To our knowledge, this is one of the first studies to examine how UTB responded
to the TCJA.

The remainder of this thesis is structured as follows. In Chapter 2, we intro-
duce the conceptual background, including FIN 48, the mechanics of UTBs, and
review related literature, as well as provide a detailed contribution of this the-
sis. In Chapter 3, we describe the dataset, variable construction, and sample
characteristics. In Chapter 4, we introduce the methodology, including robust
and quantile regression techniques and the DiD framework. In Chapter 5, we
present our empirical results, and in Chapter 6, we conclude with key findings,

policy implications, and directions for future research.



Chapter 2

Conceptual background and

literature review

This section introduces the core concepts and also reviews existing literature
and prior research related to this thesis. First, we provide an overview of the
FIN 48, a financial accounting standard mandating the disclosure of informa-
tion regarding UTBs. Next, we introduce UTBs, followed by an exploration of
related literature, with particular emphasis on their relationship to tax avoid-
ance. Finally, we examine the TCJA tax reform law, with a specific focus on its

international tax provisions.

2.1 FIN 48

Released in 2006, FIN 48!, formally titled “Accounting for Uncertainty in In-
come Taxes”, builds on Statement of Financial Accounting Standards No.
109 (SFAS 109), which was introduced in 1992, by providing detailed guidance
on the recognition and measurement of UTBs. While SFAS 109 established the
framework for accounting for income taxes, including deferred tax assets and
liabilities, it was not until FIN 48 that specific rules were introduced to address

uncertainties in tax positions.

Before the release of FIN 48, Gleason & Mills (2002) found evidence that ma-
jority of firms did not voluntarily disclose UTBs despite holding such positions,

raising concerns about transparency. Adding to this body of research, Blouin

Legally, FIN 48 is codified as Accounting Standards Codification (ASC) 740-10-25 under
the FASB’s new codification for U.S. Generally Accepted Accounting Principles (GAAP).
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et al. (2010) noted that, in anticipation of FIN 48’s implementation, firms strate-
gically settled open tax positions with authorities to minimize the visibility of
their UTBs upon the standard’s introduction. Some critics of FIN 48 argue that
mandating the disclosure of UTBs in financial statements may effectively of-
fer tax authorities a “roadmap” to pinpoint a company’s most contentious tax
positions (Cazier et al. 2009). However, empirical studies offer mixed perspec-
tives on the consequences of these disclosures. For instance, Frischmann et al.
(2008) and Mills et al. (2010) find limited evidence that investors anticipated
significant additional costs associated with the mandatory disclosure of UTBs.
Brushwood et al. (2018) further demonstrate that UTB settlements are inversely
related to accruals for new uncertain tax positions, suggesting that following
settlements, managers are less likely to increase the UTB reserve for existing
positions. Complementing these findings, Bauer & Klassen (2017) observe that
unfavorable UTB settlements correlate with negative cumulative abnormal re-
turns around the 10-K filing date, whereas favorable settlements do not have a

significant impact on these returns.

Collectively, these studies suggest that while FIN 48 aimed to increase trans-
parency, its effects on investor behavior and financial outcomes vary and depend
on the nature of the settlements and disclosures. The next section introduces
accounting for UTBs and examines the literature connecting them to tax avoid-

ance, which is more directly aligned with the central focus of this thesis.

2.2 UTBs and tax avoidance

Under FIN 48, firms are required to record a contingent liability for unrecog-
nized tax benefits in their financial statements. The standard dictates that
managers must evaluate whether it is “more-likely-than-not” that a tax posi-
tion will be upheld if reviewed by tax authorities. If this criterion is met, they
must then determine the portion of the tax benefit that can be reflected in the
financial statements. Any amount that cannot be recognized immediately is
recorded in a contingent liability account, often referred to as the UTB reserve.
Additionally, the standard requires the assumption that every tax position will
be audited and that tax authorities have complete information about the po-
sition, making the standard inherently conservative in its approach (Financial
Accounting Standards Board 2006).
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The UTB reserve is a cumulative account, with adjustments made each year. It
is typically disclosed in a company’s 10-K annual report as part of the income

tax footnotes. The usual structure of the UTB report is following:

e Beginning balance of UTB: Provides the UTB balance at the start of the
reporting period (usually the beginning of the fiscal year) and includes

the amount of unrecognized tax benefits carried forward from prior years.

e Increase due to current year tax positions: Represents uncertain tax po-
sitions taken in the current year that the company believes may be un-

certain or challenged by tax authorities.

o Increase due to prior year tax positions: This part reflects any additional
tax positions taken in previous years that were reassessed during the
current period, leading to an increase in the UTB. These could arise from

new information or a re-evaluation of existing uncertain tax positions.

e Decrease due to prior year tax positions: Here, the company reports any
reductions in UTB for prior year tax positions. These reductions may
occur due to settlements with tax authorities, expiration of statutes of

limitations, or favorable outcomes from audits.

o Decrease due to settlements with taxing authorities: This refers to a re-
duction in the UTB when a company reaches an agreement with tax au-
thorities regarding its tax positions, often resulting in a resolution of

disputed tax liabilities.

o Decrease due to expiration of statutes of limitations: This refers to a
reduction in the UTB when the time period during which tax authorities

can audit a tax return or challenge a tax position expires.

o Interests and penalties: Companies are also required to disclose the in-
terest and penalties associated with the UTB. This section often includes
interest recognized for the current period on the UTB, total accrued in-
terest and penalties at the end of the reporting period and any changes

in the interest and penalties amounts due to settlements or adjustments.

o FEnding balance of UTB: This represents the company’s remaining expo-
sure to uncertain tax positions after considering all the increases, de-

creases, interest and penalties.
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o Possible significant changes in the next 12 months (optional): Companies
often provide a discussion of any potential significant changes that could
occur within the next 12 months—for example, settlements of ongoing
audits or the expiration of statutes of limitations that may significantly

affect the UTB balance. This disclosure is however optional.

o Total amount of UTBs that, if recognized, would affect the effective tax
rate: This disclosure provides an estimate of how much of the UTB would
impact the effective tax rate if these tax positions were favorably resolved
for the company. This amount excludes the tax positions that would only

impact the timing of cash flows but not the overall tax expense.

To summarize, the primary objective of setting an UTB reserve is that any
increase in the reserve during the current reporting period will correspond to
a decrease in the reserve once the position is resolved with the tax authority
in a future period. While the settlement of the tax position will incur a cash
outflow, it will not impact the firm’s effective tax rate, which could otherwise
mislead investors and stakeholders about the firm’s financial performance and
ongoing tax obligations. An example of an actual UTB disclosure from Apple
Inc’s 10-K filing for the fiscal year 2015 is provided in Appendix A.

We now shift our attention to the relevant literature concerning UTBs. Ciconte
et al. (2016) suggest that while UTBs generally predict future tax cash out-
flows, this predictability diminishes for firms with high levels of tax avoidance.
Further empirical evidence supports the idea that firms engaging in aggressive
tax avoidance often obscure their UTB disclosures to mitigate scrutiny from
tax authorities. For instance, Tax Executives Institute (2011), Lisowsky et al.
(2013) and Gross (2023) find that that firms using more aggressive tax avoid-
ance strategies tend to be less transparent about their UTB disclosures making

it more difficult to assess the true risk of future tax liabilities.

Interestingly, Christensen et al. (2022) find that multinationals and firms based
in tax havens—typically expected to have more opportunities for aggressive tax
planning—actually have a lower probability of achieving low ETRs. This coun-
terintuitive finding adds complexity to understanding how tax strategies are
reflected in financial metrics like ETRs. Furthermore, Hoopes et al. (2012)

demonstrate that firms with a higher ex-ante probability of being audited by
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the IRS? tend to have higher cash ETRs, suggesting that the prospect of an au-
dit encourages more conservative tax reporting. DeBacker et al. (2015) extends
this finding by showing that firms tend to increase their tax aggressiveness (as
indicated by lower cash ETRs) in the years immediately following an audit, only
to reduce it a few years later. They attribute this to manager’s belief that they
are less likely to be audited again in the years following an audit. Finley (2019)
adds further insight, finding that firms with mostly favorable UTB settlements
(where the resolution benefits the company financially) subsequently increase
their tax avoidance, as evidenced by further reductions in cash ETR. Con-
versely, unfavorable settlements (which result in a higher-than-expected tax

liability) do not lead to changes in tax avoidance behavior.

Robinson et al. (2016) also investigate the link between UTBs and cash outflows,
revealing that UTB tax reserves are often over-reserved. Specifically, they find
that, on average, only 24 cents of each dollar of UTB eventually unwinds through
settlements. This suggests that companies may maintain larger UTB reserves
than necessary, reflecting a conservative approach to tax risk management that
could potentially obscure the actual cash flow implications of their tax strate-
gies. Blouin & Robinson (2014) argue that the level of UTB reserves conveys
important information to investors regarding a firm’s inclination toward tax
avoidance. They suggest that a positive relationship between UTB reserves and
firm value may stem from investors perceiving effective tax planning as ben-
eficial. Aditionally, capital market participants might interpret UTB reserves
as an indication that firm’s earnings are likely understated, attributable to the

conservative nature of FIN 48.

In support of this, Cazier et al. (2009) identify a relationship between the level
of UTBs at fiscal year-end, changes in liabilities for current tax positions, and
firm characteristics associated with tax avoidance. They also observe a notable
negative correlation between firms’ cash ETRs and the ending balance of UTBs,
indicating that firms with lower cash ETRs (indicative of tax avoidance) tend
to hold larger UTB reserves. Dyreng et al. (2019) further underscore this by
showing that firms classified as tax avoiders, on average, increase their UTBs

by over 50% more than non-avoiders over a five-year period, suggesting a de-

2The IRS (Internal Revenue Service) is the U.S. federal agency responsible for enforcing
tax laws, collecting taxes, and conducting audits to ensure compliance with tax regulations.
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liberate buildup of reserves to manage potential future tax obligations.

When analyzing the determinants of tax avoidance, researchers typically infer
tax avoidance behaviors from financial statements, as firms do not explicitly
disclose their tax strategies. Proxies such as cash ETRs and permanent BTDs
are commonly used to measure tax avoidance. However, these metrics have
limitations, particularly when it comes to interpreting tax avoidance for loss-
making firms or when faced with uncertainty regarding the firm’s strategies
(Drake et al. 2020; Henry & Sansing 2018; Schwab et al. 2018). Addressing
these challenges, De Simone et al. (2020) highlight that when firms accrue re-
serves for uncertain tax positions, tests using the current-year addition to the
UTB exhibit the highest effectiveness across all proxies, samples, and levels of

reserves.

The following section introduces the TCJA and reviews the relevant literature

on its key provisions and effects related to this study.

2.3 TCJA

Enacted in December 2017 and signed into law by Donald Trump, the TCJA
brings the most significant overhaul of the U.S. tax code and corporate tax
policy since 1986. Unlike the preceding Tax Reform Act of 1986 (TRA), which
was a bipartisan effort signed by Ronald Reagan, TCJA was passed by Congress
solely with Republican support. The TCJA primarily aimed to stimulate eco-
nomic growth through significant tax cuts, most notably by reducing the corpo-
rate tax rate from 35% to 21%. In addition to these cuts, the TCJA introduced
three key international provisions—Foreign-Derived Intangible Income (FDII),
Global Intangible Low-Taxed Income (GILTI) and Base Erosion and Anti-Abuse
Tax (BEAT)—which were designed to increase the competitiveness of the U.S.
corporate tax system. These measures marked a shift from the previous world-
wide tax system to a territorial tax system, coupled with mechanisms aimed at
curbing profit shifting and tax avoidance by multinational corporations. Under
the prior worldwide system, tax on foreign income was deferred until repatria-
tion, resulting in minimal taxation of foreign profits (Foley et al. 2007). This
deferral also incentivized multinational corporations to engage in less value-
enhancing foreign acquisitions, as locked-out cash fueled foreign investments

that may have reflected agency-driven behavior rather than market value max-
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imization (Hanlon et al. 2015; Edwards et al. 2016). In contrast, the current
territorial system imposes a global minimum tax on certain foreign income
through GILTI, meaning that in some respects, the new system has a broader
worldwide reach thain its predecessor (Clausing 2020). However, research by
Markle (2016) suggests that despite these provisions, multinationals under a
territorial system tend to shift even more income offshore compared to those

subject to a worldwide tax regime.

We now take a closer look at the international provisions of TCJA, which have
a mixed impact on profit shifting incentives. The FDII provision encourages
U.S. corporations to retain intangible assets, such as patents and trademarks,
within the U.S. by offering a 37.5% deduction for foreign-derived intangible in-
come. This results in a effective FDII tax rate of 13.125%32. However, as noted
by Clausing (2020) in her evaluation of the effects of TCJA on profit shifting,
the FDII provision applies exclusively to exports. Therefore, companies will
still have an incentive to locate profits offshore if a portion of those profits is
generated from sales to the U.S. market. Furthermore, she claims there exists a
“perverse incentive” to avoid investing in real assets within the United States,
as U.S. assets reduce the amount of FDII eligible for the deduction—the deduc-

tion is only allowed on profits exceeding a normal return on assets.

Under the GILTI rules, U.S. parent companies must include the earnings of its
foreign subsidiaries in their U.S. taxable income. This amount is calculated
as the total income of the foreign subsidiary after foreign income taxes, minus
10% return on depreciable tangible assets, such as equipment and buildings.
This deduction incentivizes companies to invest in physical assets abroad rather
than shift income to intangible assets for tax purposes. Additionally, the law
allows the parent company to take a 50% deduction on the GILTI inclusion,
meaning that only 50% of the GILTI is subject to the standard U.S. corporate
tax rate of 21%, resulting in a effective GILTI tax rate of 10.5%*. To avoid
double taxation, the U.S. parent can also claim a Foreign Tax Credit (FTC)
for taxes paid to foreign governments on these earnings. However, the FTC is
limited to 80% of the foreign taxes paid. Clausing (2020) estimates GILTI will
lead to a U.S. multinational tax haven affiliate profit reduction of 12-16% and
8-9% increase in the U.S. tax base. However, Dharmapala (2018) and Zanet

321% x (100% — 37.5%) = 13.125%.
421% x (100% — 50%) = 10.5%.
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& Ruchelman (2018) argue that the GILTI inclusion creates inefficiencies by in-
centivizing firms to invest in foreign depreciable tangible property rather than
in the U.S. This investment strategy allows companies to reduce their GILTI
inclusion, as the calculation is based on the aggregate after-tax income of for-
eign subsidiaries minus 10% of their foreign tangible depreciable property—this
means that the more a company invests in foreign tangible assets, the less of its
foreign earnings will be subject to a GILTI tax. As a result, Dharmapala; Zanet
& Ruchelman claim that this provision distorts investment decisions, leading

to a preference for foreign over domestic investments.

Finally, the BEAT is designed to prevent large U.S. multinationals from eroding
the U.S. tax base through excessive deductible payments to foreign affiliates.
This provision applies to large corporations with average annual gross receipts
exceeding $500 million USD over a three-year period that make significant de-
ductible payments, such as interest, royalties or service fees, to foreign related
parties. Under BEAT, a minimum tax of 10% is imposed on these base-eroding
payments, effectively reducing the incentives to shift profits offshore. However,
as noted by Kelley et al. (2024), multinationals are able to reduce or completely
avoid BEAT by changing the classification of certain payments, such as royalties
to foreign subsidiaries in countries with lower tax rates, to be included as part
of their Cost of Goods Sold. In summary, the international provisions of the
TCJA, while intended to curb profit shifting, have introduced a polarizing set
of measures that both reduce and, in certain cases, reinforce incentives for U.S.

multinationals to shift income offshore.

Considering pre-TCJA research on corporate tax avoidance, key studies have
investigated the declining ETRs of U.S. multinationals relative to purely do-
mestic firms. Dyreng et al. (2017) examine ETR trends over a 25-year period
(1988-2012), finding that U.S. multinational firms’ cash ETRs decreased sig-
nificantly, largely due to increased foreign income reporting, expanded inter-
national operations, and declining foreign tax rates. Interestingly, however,
the study also finds that domestic firms experienced similar ETR declines, de-
spite a stable U.S. statutory tax rate over the same period. This challenges
assumptions that multinationals hold a tax advantage over domestic firms due
to access to low-tax jurisdictions. Dyreng et al. (2017) attribute the trends in
declining ETRs for domestic firms to several factors, including temporary tax

policies aimed at stimulating investment, such as bonus depreciation provisions
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(2001-2004 and from 2008 onward) and the now-expired domestic production
activities deduction. Drake et al. (2020) suggest that domestic firms’ effective
tax rates are further influenced by the use of tax loss carryforwards, which help
lower their taxable income. Further comparisons by Thomsen & Watrin (2018)
show similar ETR reductions in European multinationals, with European trends
driven primarily by reductions in local statutory tax rates. This international
view highlights the broader trend of declining tax rates for multinationals, sim-

ilar to what is seen in U.S. firms.

2.4 Contribution of this research

This thesis contributes to the literature on corporate tax avoidance and the use
of UTBs as a proxy in several ways. First, we replicate and extend the study by
Dyreng et al. (2019), which originally documented a positive relationship be-
tween UTB additions and tax avoidance. Using a more recent dataset, we find
that the strength and significance of this relationship have weakened substan-
tially in times after passing of the TCJA and that the link between UTBs and
tax avoidance may not be as generalizable as previously believed, specifically in
the wake of significant tax reforms. Secondly, we refine the usual methodology
used to study tax avoidance by employing quantile regression and quantile DiD
models. Whereas most prior studies, such as Cazier et al. (2009), Blouin &
Robinson (2014) and Dyreng et al. (2019) rely on ordinary least squares (OLS)
or robust mean-based estimation techniques, the use of quantile regression in
our work allows for a more detailed understanding of heterogeneity in the re-
lationship between UTBs and avoidance. Our results show that the association
between them is not uniform across firms, and significant effects are observed
primarily at the upper end of the UTB distribution. This reveals that prior
literature may have overstated the average effect by overlooking distributional
variation. Third, the thesis contributes to the literature on the effects of tax
reforms by using the TCJA of 2017 as a natural experiment. While existing
studies such as Zanet & Ruchelman (2018); Dharmapala (2018) and Clausing
(2020) have evaluated the TCJA’s implications for income shifting and ETRs,
this thesis is among the first to examine its impact on UTBs. The results show
that firms with high pre-TCJA UTBs or significant tax haven exposure signifi-
cantly reduced their reported tax uncertainty after the reform, particularly at
the 75th percentile of the UTB distribution. This provides causal evidence that

the TCJA reduced tax uncertainty for the most aggressive firms and supports
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the argument that the reform had a positive effect on shifting corporate tax
practices towards more compliance or conservatism. Moreover, we also con-
tribute to literature evaluating the validity of UTBs as a tax-avoidance proxy.
While prior research has praised UTB additions as an effective tax risk and
future outflows indicator (Ciconte et al. 2016; De Simone et al. 2020), we show
that their informativeness may depend heavily on firm characteristics. Specifi-
cally, the results suggest that UTBs are a more reliable signal of tax avoidance
among high-risk firms (e.g., those with many tax haven subsidiaries) but less
so for the broader firm population. This may be important for future studies
that rely on UTBs, highlighting that they may not serve as a one-size-fits-all
proxy and should be interpreted cautiously, mainly when applied across diverse
firm types. Furthermore, this thesis also reinforces and updates the findings
of studies like Lisowsky et al. (2013) and Bennedsen & Zeume (2018), which
associate tax haven subsidiaries with aggressive tax planning. Our empirical
results confirm that firms with greater tax haven exposure held higher levels
of UTBs prior to the TCJA and significantly reduced their tax uncertainty in
the years following the reform. This pattern supports the idea that tax haven
presence is not only a signal of a firm’s intent to engage in tax avoidance but
also an indicator of how likely the firm is to adjust its tax behavior in response
to policy changes. Finally, our findings may have practical implications for tax
policy. If UTBs are consistently associated with aggressive tax behavior, as our
results suggest for certain firms, then disclosure requirements under FIN 48 may
support more targeted tax enforcement. This supports the view that UTBs are
not merely technical accounting items but may also serve as an effective regula-
tory signal—a perspective that aligns with prior concerns about the “roadmap”

function of UTB disclosures (Cazier et al. 2009).



Chapter 3

Data

In this chapter, we outline the data sources and construction of the dataset
used in this thesis. The primary source for company financial data, including
UTB information, is the S&P Capital IQ database. Data on firm subsidiaries
is sourced from the Bureau van Dijk’s Orbis database, and both datasets are

matched using firm ticker symbols.

The dataset includes all companies that filed a 10-K report throughout the
study period (2015-2023), serving as a proxy for active firms. To refine the
initial sample, we exclude firms with missing or negative total revenue over
the study period. We further restrict the sample to firms incorporated in the
United States, as only these are required to disclose UTB data. Additionally,
we exclude firms with missing values for any variable used in the analysis. This

screening process results in a final sample of 1,158 companies.

For each firm, we collect data on cash taxes paid and pre-tax earnings to cal-
culate the cash ETR. Next, we include several financial variables to control for
factors influencing tax avoidance and uncertainty. Total Assets serve as a proxy
for firm size, capturing economies of scale in tax planning and the complexity
of financial reporting, as larger firms often have more resources to engage in
sophisticated tax strategies. Total Revenue acts as a measure of operational
scale, since higher revenues generally lead to higher taxable income, which in
turn affects tax avoidance strategies and the magnitude of uncertain tax po-
sitions. To account for firms’ capital structure, we include Long-Term Debt
as a proxy for leverage, recognizing that highly levered firms may benefit from

debt-related tax shields, such as interest deductibility, which can reduce their
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Cash ETR. Additionally, we consider Net Operating Loss (NOL) Carryforwards
(C/F), as firms with NOLs can offset taxable income, leading to a lower Cash
ETR. Controlling for NOLs is particularly important to avoid misclassifying

firms with legitimate tax loss offsets as tax avoiders.

We also include firms’ tax haven exposure by including information on the
number of tax haven! subsidiaries and the total number of subsidiaries world-
wide. To classify industry affiliation, we record each firm’s Standard Industrial
Classification (SIC) code, and finally we collect annual data on current-year

additions to UTB positions.

3.1 Variable construction

Following Dyreng et al. (2019), we construct the key variables used in the

replication analysis as follows:

o Cash ETR: Calculated as the total cash taxes paid divided by the total
pre-tax income before special items over a long-run period (Dyreng et al.
2008). In the case of this thesis, it is computed over the entire study
period.

o UTB Adds: Defined as the sum of UTB additions over the entire period,
scaled by the sum of sales over the same period. Dyreng et al. (2019) jus-
tify the use of this constructed variable instead of raw UTB additions to
ensure a consistent comparison with Cash ETR, as both measures reflect
flow variables. Also, it allows for better cross-company comparability and

controls for firm size effects over time.

o Avoider: A dummy variable equal to 1 if the firm is in the lowest tercile
of Cash ETR within the sample. This threshold for classification is also
aligned with prior work (Dyreng et al. 2008).

!Tax havens are classified based on a list from Dyreng & Lindsey (2009) (edited for data
availability), who compile the list from following sources: Organization for Economic Coop-
eration and Development (OECD), the U.S. Stop tax Havens Abuse Act, The International
Monetary Fund (IMF) and the Tax Research Organisation. For full list see Appendix B.
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3.2 Summary statistics

This section provides an overview of the sample’s key characteristics.

Table 3.1: Descriptive Statistics

Variable Name N Q1 (25%) Median Mean Q3 (75%)
Total UTB Additions 1158 2 10 180 56
Total Assets 1158 1238 4075 35988 14041
Total Revenue 1158 6566 20630 88317 63309
Total Cash Taxes Paid 1158 91 368 2306 1444
Total NOL C/F 1158 0 227 4505 2071
LR Cash ETR 1158 0.119 0.186 0.273 0.244
Tax Haven Subsidiary count 874 0 1 7 6
Total Subsidiaries count 874 3 16 47 50

Note: All monetary values are in millions of USD.

3.2.1 Sample composition

Replication analysis:

o Total number of firms: N = 1,158

« Proportion of firms classified as an Avoider (based on Cash ETR): 32.9%

« Industry Breakdown (based on SIC code)

— Manufacturing: 45.6%
— Services: 18.4%

— Finance: 14.6%

— Wholesale: 9.9%

— Other: 11.5%

Quantile DiD analysis on the TCJA impact:

o Total number of firms: N = 874

o Total number of firm-year observations: N = 6,992

 Proportion of Treatment Firms (based on Tax Haven Subsidiaries): 26.6%
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Proportion of Treatment Firms (based on High UTB Levels Pre-TCJA):
50%

Proportion of Treatment Firms (based on Cash ETR): 30.7%

Proportion of Post-TCJA Observations: 58.7%

Industry Breakdown (based on SIC code)

— Manufacturing: 46.6%
— Services: 18.8%

— Finance: 14.9%

— Wholesale: 10.1%

— Other: 13%



Chapter 4
Methodology

In this section we introduce the methodology employed throughout this the-
sis. We begin with a discussion of robust regression techniques, focusing on
M-regression and the Iteratively Reweighted Least Squares (IRLS) algorithm,
which address outliers and ensure stable parameter estimation. Next, we intro-
duce quantile regression as a method for capturing distributional heterogeneity
by estimating conditional quantiles. Finally, we extend the framework to causal
inference through DiD, which enables the estimation of treatment effects in ob-

servational settings.

4.1 Robust regression

In contemporary research, the limitations of traditional Least Squares (LS) re-
gression have become increasingly evident, extending far beyond the domain
of statistics. When confronting real-world problems, researchers often discover
that the ideal assumptions underpinning LS, such as normally distributed errors
or homoscedasticity, are frequently violated. Practical datasets often feature
outlier observations, which may arise as leverage points (extreme values in the
explanatory variables) or outliers (extreme values in the dependent variable).
Furthermore, error distributions with “heavy tails” are common in empirical

data, making the assumption of Gaussian residuals unrealistic.

In such cases, unfit measurements or atypical data points cannot simply be
discarded without careful consideration. These challenges require using robust
regression techniques—methods designed to reduce the impact of outliers and

differences from ideal conditions on the results. Among these, M-regression
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has emerged as a key approach, using a robust loss function, denoted as the
p-function, to handle residuals effectively. From these loss functions, weight-
ing functions are derived, which iteratively adjust the influence of individual
data points during estimation. In this chapter we focus on IRLS, one of the
most widely used frameworks for implementing robust regression, providing
practical means to compute the solution posed by the theoretical M-regression

foundation.

4.1.1 M-regression

M-regression applies M-estimation principles to regression problems. Unlike or-
dinary least squares (OLS) regression, which minimizes squared residuals (r?),
M-regression minimizes a robust loss function p(r;). The residuals, r; = y;— X3,
are penalized based on the chosen p-function, which is less sensitive to large
residuals than the quadratic loss. M-estimates, first introduced by Huber
(1964), are a class of robust estimators used to estimate parameters in re-
gression models. The “M” in M-estimation stands for “Maximum”, as these
estimators were introduced as a generalization of maximum likelihood estima-
tors (MLE), emphasizing their connection while allowing for more general loss

functions beyond the log-likelihood functions used in MLE.

The objective of M-regression can be expressed as:

n P
min Z P (Z/i - Z 33z‘j5j) (4.1)
i=1 §=0
where p(r;) is the robust loss function applied to the residuals r; = y; —
>h_0%ij B, yi is the observed value of the dependent variable for the i-th obser-
vation, x;; is the value of the j-th independent variable for the i-th observation

and 3; are the regression coefficients to be estimated.

To solve the minimization problem, we differentiate the objective function with
respect to the parameters ; and set the derivative equal to zero to obtain the
necessary conditions for optimality. The function that represents the derivative
of the loss function p is commonly denoted ¢» = p/. By setting the gradient

of the objective function to zero, we obtain the following system of equations,
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which is then iteratively solved by IRLS method:
Z%’ﬂﬁ(ﬂ‘) =0 (4.2)
i=1

where 1(r;) is the derivative of the loss function p with respect to the residuals
r;, and is also known as the weight function. This equation forms a system of

p + 1 equations, which can be solved iteratively to find the optimal 5.

The weight function ¢ (r;) plays a crucial role in M-regression by determining
how each residual is weighted in the estimation process. The form of the
weight function v depends on the chosen loss function p. For example, Huber
loss function behaves quadratically for small residuals and linearly for large
residuals, reducing the influence of outliers (Huber 1964). In contrast, Tukey’s
biweight loss assigns zero to very large residuals, which completely disregards

outliers (Belagiannis et al. 2015).

4.1.2 lteratively reweighted least squares

The IRLS optimization algorithm is widely used to solve regression problems
in robust statistics. Originally detailed in works such as Holland & Welsch
(1977); Coleman et al. (1980), IRLS iteratively minimizes a weighted sum of
residuals, where the weights are dynamically adjusted based on the residuals
at each iteration. This section illustrates the reasoning and each step in the
IRLS process (see Bjorck (1996) for a detailed discussion).

First, an initial estimate for the regression coefficients 3 is obtained. This

is usually done based on ordinary least squares (OLS) estimate or any other
(*)

for each observation based on the current estimate of ). The residual fo the

reasonable starting point. Next, at each iteration ¢, residuals r;” are computed

i-th observation is then )
Tz(t) =Y — Z xz’jﬁj@ (4.3)
=0

where B](t) is the current estimate of the regression coefficient for the j-th pre-

dictor.

Next, using the residuals rz(t), the weights wlgt) for each observation are updated.

The weights depend on the derivative of the p-function. The weight for the i-th
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observation is given by:

w! = (4.4)

where 1(r") is the derivative of the robust loss function p(r). This function

controls the downweighting of large residuals to reduce their influence.

Afterwards, a weighted least squares problem is solved to update the regression

coefficients B*+Y using the new weights. This can be formulated as:
B = (XTWOX) T XTIy (4.5)

where X is the design matrix of predictor variables (n x (p+1)), W® is a diag-
onal matrix with weights w!” on the diagonal: W® = diag(w\”, w{", ... w®)

and y is the vector of observed values n x 1.

Subsequently, convergence of the coefficients is determined. Typically, conver-
gence is determined by checking if the change in the regression coefficients is

smaller than a specified threshold:
I8¢ = gY < e (4.6)

where ¢ is a small tolerance (e.g. 107%). Finally, if convergence is not reached,
the whole process is repeated, updating the residuals, weights and regression

coefficients, until convergence is reached.

4.2 Quantile regression

Having explored robust regression techniques, which aim to mitigate the in-
fluence of outliers on mean parameter estimates, this section introduces quan-
tile regression. Unlike traditional methods, quantile regression can provide
insights across the entire conditional distribution by modeling its conditional
quantiles. This approach is particularly advantageous for datasets exhibiting
heteroskedasticity or skewed distributions, as it offers insights beyond the con-
ditional mean. Originally introduced by Koenker & Bassett (1978), this section
outlines the theoretical foundation of quantile regression as established in their

work.
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Quantile regression aims to estimate the conditional quantile function

Qy (7]X), which is the 7-th quantile of the response variable Y given predictor
variables X. Unlike traditional regression, which minimizes the sum of squared
residuals to estimate the mean, quantile regression minimizes a weighted sum of

absolute residuals, where the weights depend on the quantile 7 being estimated.

Koenker & Bassett defined the 7-th conditional quantile function as:
Qv (1|X) = X;' 5, (4.7)

where 7 € (0, 1) represents the quantile of interest (e.g. 7 = 0.5 for the median
or 7 = 0.1 for the first decile), X; is the vector of predictors (covariates) for the
i-th observation and 3, is the vector of coefficients specific to the 7-th quantile.
The X' 3, then denotes the linear combination of predictors and coefficients,

which gives the predicted value for the i-th observation.

The coefficients (3, are estimated by solving the following optimization problem:

B = argmin sdme oy — X B) (4.8)

i=1
where S, p,(y; — X' 8) is the objective function being minimized, y; — X" 3
is the residual (or the difference between the observed and predicted values)

and p,(u)is the check function or tilted absolute value function defined as:

TU, if u>0,
pr(u) = (4.9)
(t1—Du, ifu<0

where u = y; — X' 3 is the residual. The check function asymmetrically weights
positive and negative residuals u depending on 7: for uw > 0, the residual is
weighted by 7 and for v < 0 it is weighted by 7 — 1. This asymmetry allows
for estimating any quantile: for example, 7 = 0.5 corresponds to the median,
where equal weights (7 = 0.5 and 7 — 1 = —0.5) are applied to positive and
negative residuals. Similarly, smaller 7 values (e.g., 7 = 0.1) emphasize the

lower tail and larger 7 values (e.g., 7 = 0.9) emphasize the upper tail.

Quantile regression relies on optimization techniques, such as linear program-

ming, to minimize the weighted sum of absolute residuals. While these methods
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are computationally efficient for moderate-sized datasets, challenges can arise in
high-dimensional settings or when dealing with extremely large datasets, where
solving for multiple quantiles can become computationally intensive. Tan et al.
(2022) discuss the computational challenges associated with high-dimensional
quantile regression and propose methods to address these issues. Advanced al-
gorithms, including interior point methods and preprocessing strategies, have

been developed to improve scalability in such high-dimensional contexts.

Despite its advantages, quantile regression has limitations that warrant consid-
eration. One key limitation is the assumption of a linear relationship between
predictors and the conditional quantile, which may not hold in datasets with
complex or non-linear dynamics. Extensions to nonlinear, non-parametric, or
additive quantile regression models have been proposed to address this issue,
such as the nonlinear quantile models discussed by Bottai & Cilluffo (2020).
These models, while providing more flexibility, often come with added com-
putational complexity. Further, Geraci (2019) extend linear quantile mixed
models to the nonlinear case, addressing limitations in modeling complex data

structures.

Additionally, interpreting the results across multiple quantiles can be challeng-
ing, especially when predictor effects vary significantly at different points of
the response distribution. Zhang et al. (2020) explore challenges and propose
solutions for quantile regression in ultra-high-dimensional settings, highlighting

future research directions to address these concerns.

4.3 Difference-in-differences

Having introduced quantile regression as a method for capturing distributional
heterogeneity, this chapter now turns to causal inference. In particular, it
explores the DiD approach, a widely used econometric method for estimat-
ing causal effects in observational settings. DiD is particularly valuable when
randomized experiments are infeasible, as it allows researchers to infer causal
relationships by leveraging changes over time between treated and untreated

groups.

The DiD approach relies on a before-and-after comparison of two groups: the

treatment group, which is a group that experiences an intervention or a policy
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change, and the control group that does not experience this treatment, serving
as a benchmark. By comparing the difference in outcomes between the pre-
and post-treatment periods for both groups, DiD isolates the treatment effect

while controlling for common time trends.
The standard DiD model is the following:

Y = a + [Post; + yTreated; + §(Post; x Treated;) + €; (4.10)

where Y}, is the outcome variable for unit ¢ at time ¢, Post; is a dummy variable
equal to 1 if ¢ is in the post-treatment period and 0 otherwise, Treated; is a
dummy variable equal to 1 for treated units and 0 for control units, ¢ is the

DiD estimator representing the treatment effect and ¢;; is the error term.

For DiD to yield valid causal estimates, several key assumptions must hold.
The most critical is the parallel trends assumption, which states that, in the
absence of treatment, the treated and control groups would have followed the
same trajectory over time. If this assumption is violated, the estimated treat-
ment effect may be biased, making pre-treatment trend analysis a crucial step in
the diagnostic process. Another key assumption is the absence of anticipation
effects, which ensures that individuals do not change their behavior in expec-
tation of treatment. If treatment is anticipated and influences behavior before
its formal implementation, the pre-treatment period is no longer a valid base-
line, distorting the estimated effect. Additionally, the Stable Unit Treatment
Value Assumption (SUTVA) must hold. SUTVA consists of two key elements:
first, there should be no spillover effects, meaning that treatment should not
indirectly affect the control group—if spillovers occur, the estimated treatment
effect no longer captures the true causal impact of the intervention. Second,
treatment must be homogenous across treated units; if the intervention varies
in intensity or implementation across individuals in unobserved ways, the esti-

mated DiD effect may not correspond to a single well-defined treatment impact.

To assess the credibility of DiD estimates, several robustness checks are com-
monly applied. Pre-trend analysis is used to statistically test whether the
treated and control groups followed parallel trajectories before treatment, en-
suring that the parallel trends assumption holds. Placebo tests involve estimat-

ing the DiD model in a period where no treatment occurred (or applying it to an
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artificially assigned treatment group) to verify that the methodology does not
detect spurious effects. Alternative control group selection tests the sensitivity
of the results by estimating the model using different untreated groups, assess-
ing whether the findings depend on the specific choice of the comparison group.
Finally, functional form sensitivity checks involve estimating alternative model
specifications and incorporating additional covariates to evaluate the robust-
ness of the estimated treatment effect. In practice, these tests are conducted
through formal statistical methods, including regression-based pre-trend tests
and placebo DiD regressions. The pre-trend analysis typically involves inter-
acting time indicators with the treatment variable in a regression framework,
testing whether there are significant differences between groups in the pre-
treatment period. Placebo tests are implemented by shifting the treatment
period or reassigning treatment status to an artificial group, assessing whether
the estimated effect remains significant when no actual treatment occurred.
These robustness checks strengthen the validity of the DiD approach by ensur-
ing that the estimated effects are not driven by pre-existing trends, anticipation

effects, or model specification choices.



Chapter 5
Results

This section presents the results of our analysis, which is divided into two parts.
First, we replicate and extend the key findings of Dyreng et al. (2019), exam-
ining the relationship between tax avoidance and tax uncertainty. Then, we
introduce our original approach, employing a quantile regression DiD methodol-
ogy to capture the heterogeneous effects of tax uncertainty on the relationship
between UTBs and tax avoidance, using the TCJA reform as a natural experi-

ment.

5.1 Replication and extension of Dyreng et al.
(2019)

Dyreng et al. (2019) propose a compelling hypothesis that tax uncertainty in-
creases with tax avoidance, supported by empirical evidence in their study.
Given the significance of this finding in the literature, we aim to verify their
results using a more recent dataset (2015-2023 vs. their original 2008-2014 pe-
riod). To do so, we replicate their approach, which comprises of regressing UTB
Adds on an Avoider indicator variable and estimating the model using IRLS to
control for outliers. As no further methodological details on the process are
mentioned in their work, we replicate their process as closely as possible by

building the same variables and running the regression using the same method.

The replicated model is the following:

UTB Adds;; = By + Avoider;; + uy (5.1)
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where UTB Adds represents the sum of UTB additions over eight years, scaled
by the eight-year sum of sales, and Avoider is a dummy variable equal to 1 if
the firm is in the lowest tercile of cash ETR within the sample, as previously
discussed in more detail in Chapter 3. The model is estimated using IRLS,
aligning with the methodology of the original study. The regression results are

presented in Table 5.1.

Table 5.1: Regression results of the replicated model

Dependent variable:

UTB Adds
Avoider —0.00003**

(0.00001)
Constant 0.0002***

(0.00001)
Observations 1,158
R? 0.004
Adjusted R? 0.003
Residual Std. Error 0.886 (df = 1156)
F Statistic 4.958** (df = 1; 1156)
Note: p<0.1; *p<0.05; **p<0.01

In their original study, Dyreng et al. (2019) report that UTB Adds are higher
for tax avoiders than for non-avoiders, with significant coefficients of 0.041 and
0.039, respectively. Based on these findings, they conclude that greater tax
avoidance is associated with greater tax uncertainty. However, as shown in
Table 5.1, our replication analysis not only produces contradictory results but
also estimates coefficients that are orders of magnitude smaller. This stark
difference suggests that, even if a relationship between tax avoidance and tax
uncertainty exists, its economic significance in the more recent dataset is sub-

stantially weaker than previously reported.

One possible explanation for this discrepancy is that our study examines a
different time period than the original analysis, which may reflect shifts in
firm behavior or other structural changes over time. However, further diag-

nostic tests on our replicated model also reveal issues of non-normality and
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heteroskedasticity, both of which could also undermine the reliability of our
findings. Notably, Dyreng et al. (2019) do not report any diagnostic checks
in their study, leaving open the question of whether their results would hold
under similar scrutiny. To better understand these discrepancies, we attempted
to obtain the original code by reaching out to the authors but have not received
a response. This challenge underscores a broader issue in empirical research—
commonly referred to as the replication crisis—where the inability to reproduce
published findings raises concerns about the robustness of prior results. Given
these limitations, we were unable to proceed with a direct replication and in-

stead implemented custom modifications to improve the model’s reliability.

To address the diagnostic issues identified during the replication process, we
applied a Box-Cox transformation to the dependent variable, UTB Adds. This
method systematically identifies the most appropriate transformation to cor-
rect heteroskedasticity and improve normality, thereby aligning the data more
closely with the assumptions of linear regression. As shown in Figure 5.1, the
Box-Cox analysis indicated that a logarithmic transformation (corresponding
to A = 0) was the most suitable for stabilizing variance and reducing skew-
ness. Based on this result, we applied the log transformation to improve model

reliability and address the underlying diagnostic concerns.
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Figure 5.1: Box-Cox transformation of UTB Adds
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To further address the limitations of the original model, we employed quantile
regression on the log-transformed dependent variable, log( UTB Adds). Unlike
traditional OLS regression, quantile regression provides robust estimates that
are less sensitive to outliers and allows for a more detailed examination of how
the relationship between tax avoidance and tax uncertainty varies across dif-
ferent levels of the dependent variable. This approach captures heterogeneity
in the data, providing a richer understanding of the relationship beyond the

conditional mean that OLS regression would provide.

The model was estimated across various quantiles, with the most significant
effects observed from approximately the 65th percentile upward. The detailed
regression results for different quantiles are presented in Table 5.2. Notably, at
the 75th percentile, the coefficient for the Avoider variable was estimated at
0.238 and was statistically significant at the 10% level. This suggests that at
the upper end of the distribution, tax-avoiding firms exhibit 23.8% higher UTB
Adds on average compared to non-avoiders, holding other factors constant.
The estimated constant term, -6.376 (corresponding to e %37 ~ 0.0017), is
highly significant and represents the baseline level of log( UTB Adds) when all
predictor variables are set to zero (e.g., for non-avoiders). For the 25th quantile
and the median, the Avoider variable is not significant. These results indicate
that the relationship between tax avoidance and tax uncertainty is not uniform
across the distribution. Instead, avoiders tend to exhibit higher tax uncertainty
primarily at higher levels of UTB Adds. This heterogeneity is further illustrated
in Figure 5.2, which displays the coefficient estimates for the Avoider variable
across all quantiles. This finding contrasts with Dyreng et al.’s analysis, which
focuses on mean-level effects using IRLS, potentially overlooking variation across

different levels of tax uncertainty.
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Table 5.2: Regression results: Quantile regression

Dependent variable:

Logarithm of UTB Adds
25th Quantile Median 75th Quantile

(1) (2) (3)

Avoider 0.016 0.106 0.238*
(0.186) (0.144) (0.134)
Constant —8.682*** —7.407* —6.375"*
(0.103) (0.072) (0.086)
Observations 1,158 1,158 1,158
Note: *p<0.1; *p<0.05; **p<0.01

0.50

Coefficient Estimate

-0.25

0.25 0.50 0.75
Quantile (t)

Figure 5.2: Quantile Regression Coefficient for Avoider

Note: This figure plots the estimated coefficients for the Awoider
variable from quantile regressions of log( UTB Adds) on the Avoider
dummy, evaluated across all quantiles. Each point corresponds to the
estimated coefficient at a given quantile, with shaded bands indicat-
ing 95% bootstrap confidence intervals. Coefficients whose confidence
intervals do not include zero can be interpreted as statistically sig-
nificant at approximately the 5% level. The estimates are near zero
and statistically insignificant at lower and median quantiles but in-
crease in magnitude and become statistically significant at around
65th percentile. This pattern shows that the relationship between
tax avoidance and tax uncertainty is concentrated among firms with
higher UTB Adds—highlighting heterogeneity that would be masked
by mean-based estimators such as OLS or IRLS.
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5.2 Quantile DiD analysis on the TCJA impact

Having established that the relationship between tax avoidance and tax un-
certainty is not uniform across the distribution of firms, we now turn to my
original analysis. To further investigate this pattern, we leverage the TCJA
of 2017, which significantly reshaped corporate tax incentives (as discussed
in Chapter 2), providing a natural experiment to assess how tax uncertainty
evolved in response to these changes. Given the structural break introduced by
the reform, a difference-in-differences (DiD) approach is well-suited to isolate
its effects. However, as the replication results indicate that the relationship
between tax avoidance and tax uncertainty is not uniform, but varies across
the distribution of UTB additions, a standard DiD model may overlook impor-
tant heterogeneity. To address this, we implement a quantile DiD methodology,
which allows to examine how the impact of the TCJA differs across firms with

varying levels of tax uncertainty.

In this part of the analysis, we examine the same set of firms as in the previous
section, covering the period from 2015 to 2023. The only difference is that the
number of subsidiaries is not available for every firm, reducing the sample to
874 firms instead of 1,158. With the TCJA signed into law in December 2017,
we define 2015-2017 as the pre-treatment period and 2018-2023 as the post-
treatment period. Given that TCJA lowered incentives for profit shifting, this
setting provides a natural experiment to assess how firms historically associated
with greater tax aggressiveness—and potentially tax avoidance—were affected
in terms of their tax uncertainty following the reform, relative to firms not
engaging in tax avoidance. To investigate this, we employ a DiD approach with a
quantile regression framework, which allows us to capture heterogeneous effects
across the distribution of tax uncertainty. Since there is no single, universally
accepted measure to classify tax-avoiding firms, we construct three alternative

treatment group classifications:

1. Tax Haven Subsidiaries — Classifies the treatment group based on the 25th
percentile of firms with the most tax haven subsidiaries in the sample (cor-
responding to a threshold of 7 subsidiaries), following approach similar
to Santos & Schiozer (2024), as the presence of tax haven subsidiaries is
commonly associated with aggressive tax strategies (Bennedsen & Zeume
2018; Lampenius et al. 2021).
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2. High UTB Levels Pre-TCJA — Classifies treatment group as firms with
high levels of UTBs prior to TCJA, following Guenther et al. (2017). High
UTB levels are often indicative of tax uncertainty and a history of tax-
motivated strategies, which are closely linked to tax avoidance practices,
as firms with greater UTBs are more likely to have engaged in aggressive
tax planning. For this classification, firms with UTB levels above the

median in the pre-TCJA period are considered to have high UTBs.

3. Cash ETR-Based Avoiders — Classifies firms affected by the reform as
firms in the lowest tercile of Cash ETR within the sample, following the
methodology used in Dyreng et al. (2019), as low Cash ETR serves as
a widely recognized proxy for tax avoidance (Hanlon & Heitzman 2010;
Blouin & Robinson 2014).

Furthermore, the quantile DiD models are run for three quantiles 7 (25th per-
centile, median and 75th percentile) for each of the three treatment group
classifications. The models are estimated in their full form along with con-
trol variables that account for observable firm characteristics that influence tax
uncertainty. This reduces omitted variable bias and provides a more precise
estimate of the causal effect of tax avoidance on UTB additions. The chosen
control variables are Total Assets, Long-Term Debt, Total Revenue, Cash Taxes
Paid and Total NOL C/F, with detailed reasoning behind the choice discussed
in Chapter 3. For each quantile 7, the conditional quantile function has the

following form:

Q-(log(UTB) | Avoider, Post TCJA, X) =
= Bo,r + P1-Avoider + 35 ,Post TCJA+
+ B3, (Avoider x Post TCJA)+

+ Z ")/j;,-Xj +€r
J

(5.2)

where Q,(log(UTB)) is the 7-th quantile of the log(UTB), Avoider is a bi-
nary variable indicating firms with aggressive tax avoidance behavior as per
the three groupings defined above, Post TCJA is a binary variable equal to 1
for period after the reform and 0 otherwise, Avoider x Post TCJA is the inter-
action term capturing the DiD effect and X is the vector of control variables,
B; and 7, are the corresponding quantile specific coefficients and e, are the

quantile-specific errror terms. The model is estimated separately for each of
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the quantiles 7 = 0.25,0.5,0.75.

The next part presents the results of the models with the three different treat-
ment groups. First, we begin with the results of the model with Tax Haven
Subsidiaries grouping. The regression results of the quantile DiD models are
provided in Table 5.3.

For the main finding of the analysis, the interaction term Haven Subsidiary X
Post TCJA is negative and statistically significant at the 75th quantile. This
indicates that firms in the upper quartile of UTBs made substantial reductions
in their tax uncertainty post-TCJA. On the contrary, there is no statistically
significant effect for firms in the lower or median UTB quartiles, meaning that
firms with moderate or lower pre-TCJA UTBs did not significantly alter their
tax positions after TCJA. This implies that TCJA significantly reduced UTBs for
firms with extensive tax haven involvement, but the impact was concentrated
only among firms with the most aggressive pre-TCJA tax positions, rather than

being widespread accross all the firms.

Moreover, the main effect of Haven Subsidiary is positive and highly significant
at all quantiles, confirming that firms with extensive tax haven operations have
higher UTBs overall, consistent with expectations of tax-motivated strategies.
Next, the Post TCJA variable is not significant at any quantile, suggesting
that TCJA did not have a direct effect on UTBs for firms without extensive tax
haven exposure. For the control variables, Total Revenue, Cash Tazes Paid
and Total NOL C/F are significant across all quantiles; confirming their strong
influence on UTBs. Long-Term Debt and Total Assets are not significant at any
quantile, suggesting that leverage and firm size do not play a major role in tax

uncertainty.

The finding that the effect is not uniform across all firms but is rather concen-
trated among those with high levels of tax uncertainty aligns with the results
from the first part of this thesis. Several possible explanations can account for
this pattern. First, firms with high pre-TCJA UTBs likely had greater exposure
to international tax planning risks and faced stronger incentives to adjust their
tax positions post-TCJA in response to changes in the tax environment. Given
their more complex and aggressive tax strategies, these firms may have had

more opportunities or necessities to restructure their tax positions to remain
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Table 5.3: Quantile DiD regression: Tax Haven Subsidiary Grouping

Dependent variable:

Log of UTB Additions

25th Quantile Median 75th Quantile
(1) (2) (3)
Haven Subsidiary 2.2585*** 1.7387*** 1.4611**
(0.1374) (0.1103) (0.1036)
Post TCJA 0.0559 —0.0089 0.0162
(0.0966) (0.0731) (0.0731)
Total Assets 0.0000 0.0000 —0.0001
(0.0000) (0.000002) (0.0000)
Long-Term Debt 0.0000 0.000001 0.00001
(0.0001) (0.0002) (0.0004)
Total Revenue 0.00001*** 0.00001*** 0.00002***
(0.000002) (0.000002) (0.000002)
Cash Taxes Paid 0.0005*** 0.0006*** 0.0008***
(0.0001) (0.0001) (0.00002)
Total NOL C/F 0.0001*** 0.0001*** 0.0001***
(0.00002) (0.00002) (0.000002)
Haven Subsidiary x Post TCJA —0.2409 —0.1150 —0.3165"*
(0.1568) (0.1238) (0.1132)
Constant —1.3613** —0.0524 1.1888***
(0.0822) (0.0609) (0.0637)
Observations 6,992 6,992 6,992
Note: *p<0.1; *p<0.05; **p<0.01
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compliant or maintain tax efficiency under the new regulatory framework. Sec-
ond, firms with high UTBs may have been more susceptible to increased IRS
scrutiny post-TCJA, prompting them to reduce their reported tax uncertainties.
The TCJA introduced several provisions aimed at curbing profit shifting and
tax avoidance, such as the GILTI or BEAT (discussed in detail in Chapter 2),
which disproportionately affected multinational firms engaged in aggressive tax
planning, and the heightened enforcement risk may have led high-UTB firms to
proactively reduce uncertain tax positions to mitigate regulatory and reputa-
tional risks. Finally, differences in financial reporting incentives could also play
a role. Firms with high UTBs may have faced greater pressure from investors
or auditors to demonstrate improved tax transparency and compliance post-
TCJA, leading to a strategic reduction in uncertain tax positions. In contrast,
firms with lower UTBs may not have encountered the same level of scrutiny or

may have already maintained tax strategies that aligned with the new tax rules.

To validate the reliability of the models, we conducted two key checks. First,
we performed a parallel trend assumption test to ensure that, prior to the
TCJA, the outcome variable (log(UTB)) exhibited similar pre-treatment trends
for both treated and control firms. Establishing parallel pre-TCJA trends is
key, as it confirms that any observed post-TCJA differences in logarithm of
UTB additions can be attributed to the policy change rather than pre-existing
trends. To test, we implemented a pre-treatment event study approach, cre-
ating two dummy variables (pre t1 and pre t2) equal to 1 for one and two
years before the TCJA, respectively. We interacted these pre-treatment time
dummies with the treatment variable (Haven Subsidiary) to test whether tax
haven firms exhibited systematically different trends in log(UTB) additions
compared to non-tax haven firms before TCJA. The quantile regression model
was then estimated, and the results are provided in Table 5.4. Since both of
the interaction terms are statistically insignificant across all quantiles, there
is no evidence that Haven Subsidiary firms followed a different trajectory in
log(UTB) additions before TCJA compared to non-tax haven firms. For visual
inspection, a plot of mean log( UTB Additions) by year and group is provided
in Figure 5.3. This confirms that the parallel trends assumption holds, thereby
validating the use of the DiD approach.
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Figure 5.3: Parallel Trends Visualization — Haven Subsidiary Group-
ing

Note: This figure shows mean values of log( UTB Additions) for firms
with and without tax haven subsidiaries over the period 2015-2020.
The post-reform period is shaded in grey. The two groups follow
broadly similar trajectories prior to the reform, providing visual sup-
port for the identification strategy used in the DiD analysis.

Table 5.4: Parallel Trends Test — Haven Subsidiary Grouping

Dependent Variable: logUT B

25th 50th 75th
Haven Subsidiary 2.077 1.664** 1.208***
pre t1 —0.165 —0.057 —0.061
pre t2 0.087 0.051 0.080
Total Assets 0.000 0.000 —0.000***
Long-Term Debt 0.000 0.000 0.000**
Total Revenue 0.000** 0.000*** 0.000**
Cash Taxes Paid 0.0005***  0.0006™*  0.0008***
Total NOL C/F 0.0001**  0.0001***  0.0001***
Haven Subsidiary x pre t1 0.330 0.077 0.136
Haven Subsidiary x pre t2 —0.180 —0.119 0.202
Constant —1.314"*  —0.061 1.199**
Observations 6,992 6,992 6,992

Note: *p < 0.1; **p < 0.05; ***p < 0.01
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Next, to ensure that firms did not adjust their tax positions in anticipation of
the TCJA, we conducted a placebo test by assigning a false treatment year
(2016)—one year before the actual TCJA implementation in 2017. A new
dummy variable, Placebo Post, was created, taking a value of 1 for years 2016
and later (instead of the true post-TCJA period, which begins in 2017). A
placebo quantile regression model was then estimated, and the results are
provided in Table 5.5. The placebo interaction term (Haven Subsidiary X
Placebo Post) is statistically insignificant across all quantiles, indicating that
firms did not alter their UTBs in anticipation of TCJA. This finding reinforces
the causal interpretation of the DiD results, suggesting that the observed post-
TCJA changes in UTBs were a direct response to the reform rather than the

result of preemptive adjustments.

Table 5.5: Placebo Test — Haven Subsidiary Grouping

Dependent Variable: logUT B

25th 50th 75th
Haven Subsidiary 1.890*** 1.518* 1.411%*
Placebo Post —0.112 —0.061 —0.086
Total Assets 0.000 0.000 —0.000***
Long-Term Debt 0.000 0.000 0.000***
Total Revenue 0.000*** 0.000*** 0.000***
Cash Taxes Paid 0.0005**  0.0006***  0.0008***
Total NOL C/F 0.0001**  0.0001***  0.0001***
Haven Subsidiary x Placebo Post 0.215 0.156 —0.190
Constant —1.219**  —0.007 1.279***
Observations 6,992 6,992 6,992

Note: *p < 0.1; **p < 0.05; **p < 0.01

Finally, as a robustness check, we repeated the analysis using an alternative
list of tax havens derived from Johannesen & Zucman (2014), who identify 52
jurisdictions engaged in financial secrecy practices as part of their assessment of
the OECD’s information exchange regime. This alternative list differs from the
primary classification used in this thesis, as it includes several OECD member
countries (e.g., Austria, Belgium, Chile) and emerging financial centers (e.g.,
Malaysia, Costa Rica) not typically considered corporate tax havens. Firms
were reclassified based on this broader criterion, and the main quantile DiD
specification was re-estimated accordingly. The results, presented in Table C.1

in Appendix C, remain robust under this alternative definition. In particular,
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the post-TCJA decrease in UTB Additions at the upper end of the distribution
(especially at the 75th percentile) continues to be statistically significant for
firms with tax haven subsidiaries. This reinforces the interpretation that firms
with greater tax uncertainty adjusted their tax positions following the reform.
Overall, this robustness check confirms that the observed effects are not an
artifact of the specific haven classification used, but instead reflect a broader

behavioral response among internationally exposed firms.

We now move on to the second set of results, which are based on an alternative
treatment group classification—firms with high UTB levels in the pre-TCJA pe-
riod. The quantile DiD regression estimates for this classification are presented
in Table 5.6.

Our analysis finds that since the interaction term Treatment Group x Post
TCJA is negative and statistically significant at 75th quantile, firms with the
highest pre-TCJA UTBs significantly reduced their tax uncertainty post-TCJA.
However, the effect is not significant at the median or the 25th quantile, sug-
gesting that firms with lower to median pre-TCJA UTBs did not significantly
change their tax positions significantly after TCJA.

Additionally, the main effect of Treatment Group is positive and highly signif-
icant across all quantiles, confirming that firms classified as high-UTB before
TCJA consistently maintained higher UTBs overall. The variable Post TCJA is
not significant at any quantile, indicating that TCJA did not have a direct effect
on UTBs for firms in the low-UTB (control) group. For the control variables,
Total Revenue, Cash Tazes Paid and Total NOL C/F are significant across
all quantiles, similar to the findings in the Tax Haven Subsidiary Grouping,
confirming their strong influence on UTBs. Conversely, Long-Term Debt is not
significant at any quantile, confirming that leverage does not play a major role
in tax uncertainty. Meanwhile, Total Assets is only significant at 25th quantile,

suggesting that firm size has a limited impact on UTBs.

Again, we conducted parallel trend assumption and no anticipation tests with
the reasoning and structure being analogical to the previous treatment group-
ing. Results of the parallel trends test are provided in Table 5.7, while visual-
ization of the trends is presented in Figure 5.4. Since the pre-TCJA interaction

terms are statistically insignificant at all quantiles, there is no evidence that
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Table 5.6: Quantile DiD regression: High UTB Firms

Dependent variable:

Log of UTB Additions

25th Quantile Median 75th Quantile
(1) (2) (3)
Treatment Group 3.3881** 2.8806*** 2.9473*
(0.0792) (0.0693) (0.0676)
Post TCJA 0.0599 0.0777 —0.0008
(0.0910) (0.0553) (0.0391)
Total Assets 0.000001** 0.000000 0.000000
(0.0000) (0.000002) (0.0001)
Long-Term Debt 0.0000 0.0000 0.0001
(0.0000) (0.0002) (0.0001)
Total Revenue 0.00001*** 0.00001*** 0.00001***
(0.000001) (0.000001) (0.000003)
Cash Taxes Paid 0.0003*** 0.0005*** 0.0006***
(0.00005) (0.0001) (0.00003)
Total NOL C/F 0.00003* 0.00005*** 0.0001**
(0.00001) (0.00001) (0.000005)
Treatment Group x Post TCJA —0.1328 —0.1226 —0.2332**
(0.1008) (0.0753) (0.0782)
Constant —2.0120™* —0.9332** —0.1216™**
(0.0696) (0.0449) (0.0328)
Observations 6,992 6,992 6,992
Note: *p<0.1; *p<0.05; **p<0.01
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high-UTB firms exhibited different UTB trends relative to lower-UTB firms before
the TCJA. This confirms that the parallel trends assumption holds, validating
the use of the DiD approach to estimate the causal impact of the TCJA on UTB
additions. Placebo test results are provided in Table 5.8. Since the interaction
term is statistically insignificant across all quantiles, there is no evidence that
high-UTB firms adjusted their UTB additions in anticipation of the TCJA before

its actual implementation, again strengthening the causal interpretation of the

DiD results.

Table 5.7: Parallel Trends Test — High UTB Firms

Dependent Variable: logUT B

25th 50th 75th
Treatment Group 3.3020"** 2.7888*** 2.7597**
pre t1 —0.1782 —0.1131 —0.0091
pre t2 0.0587 0.0457 0.0113
Total Assets 0.0000** 0.0000 0.0000
Long-Term Debt —0.0000 0.0000 0.0000
Total Revenue 0.0000*** 0.0000*** 0.0000***
Cash Taxes Paid 0.0003*** 0.0005*** 0.0006™**
Total NOL C/F 0.00003* 0.00005*** 0.0001**
Treatment Group x pre t1  0.1451 0.1009 0.1341
Treatment Group x pre t2 —0.0077 —0.0758 0.1250
Constant —-1.9793**  —0.8632"* —0.1198"**
Observations 6,992 6,992 6,992

Note: *p < 0.1; *p < 0.05; **p < 0.01
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Figure 5.4: Parallel Trends Visualization — High UTB Firm Grouping

Note: This figure shows mean values of log( UTB Additions) for firms

with and without tax haven subsidiaries over the period 2015-2020.

The post-reform period is shaded in grey. The two groups follow

broadly similar trajectories prior to the reform, providing visual sup-

port for the identification strategy used in the DiD analysis.

Table 5.8: Placebo Test — High UTB Firms
Dependent Variable: logUT B
25th 50th 75th

Treatment Group 3.2942%* 2.7128** 2.8823**
Placebo Post —0.0716 —0.0646 —0.0160
Total Assets 0.0000*** 0.0000 0.0000
Long-Term Debt —0.0000 0.0000 0.0000
Total Revenue 0.0000*** 0.0000*** 0.0000***
Cash Taxes Paid 0.0003*** 0.0005*** 0.0006***
Total NOL C/F 0.00003*  0.00005*** 0.0001***
Treatment Group x Placebo Post 0.0203 0.0930 —0.1063
Constant —1.9206** —0.8177*  —0.1067*
Observations 6,992 6,992 6,992

Note: *p < 0.1; *p < 0.05; **p < 0.01
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The findings from the third treatment grouping, which classifies firms as Avoiders

if they fall into the lowest tercile of Cash ETR in the sample, reveal an important

contrast with the previous models. This classification follows the methodology

proposed by Dyreng et al. (2019), which was also used in the replication part

of this thesis. The quantile DiD regression results are provided in Table 5.9.

Table 5.9: Quantile DiD regression: Low ETR Firms

Dependent variable:

Log of UTB Additions

25th quantile median 75th quantile
(1) (2) (3)
Avoider —0.1754 —0.3064* —0.3380"**
(0.1236) (0.1270) (0.0943)
Post TCJA 0.0351 —0.0052 —0.1903***
(0.0918) (0.0787) (0.0680)
Total Assets 0.000001*** 0.000001 —0.0000
(0.0000) (0.000003) (0.000001)
Long-Term Debt —0.0000 0.0000 0.00001
(0.0000) (0.00003) (0.00001)
Total Revenue 0.00001*** 0.00001*** 0.00002***
(0.000003) (0.000001) (0.000003)
Cash Taxes Paid 0.0004** 0.0008*** 0.0009***
(0.0001) (0.0001) (0.0001)
Total NOL C/F 0.0001*** 0.0001* 0.0001***
(0.00002) (0.00001) (0.000003)
Avoider x Post TCJA —0.1993 —0.0473 0.1855
(0.1507) (0.1464) (0.1198)
Constant —0.9314*** 0.4554** 1.6883***
(0.0797) (0.0698) (0.0596)
Observations 6,992 6,992 6,992
Note: *p<0.1; *p<0.05; **p<0.01
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In this analysis we find no significant effects for the interaction term Avoider x
Post TCJA across all quantiles, indicating that the firms in the lowest tercile of
Cash ETR did not significantly adjust their tax positions post-TCJA. This con-
trasts with the Haven Subsidiary and High UTB models, where high-avoidance
firms in the upper quantiles (7 = 0.75) significantly reduced their UTBs post-
TCJA. The main effect of the Avoider variable is negative and highly signifi-
cant at the upper quantiles, suggesting that firms with low cash ETRs generally
maintain lower UTB reserves compared to other firms. This again contrasts
with earlier findings that firms classified as high-UTB or tax haven users tend
to report higher UTBs overall. Additionally, Post TCJA is only significant at
the 75th quantile, indicating a general reduction in UTBs for all firms in the
high-UTB group, regardless of avoidance status. To ensure the validity of these
results, we conducted both a parallel trends test and placebo test for antici-
pation effects. Neither test showed significant effects, confirming that the DiD
estimates are meaningful and not driven by pre-existing trends or anticipation.
The test results are presented in Table 5.10 and Table 5.11, with visualization
of pre-TCJA trends in Figure 5.5 and interpretations consistent with the other

treatment groupings.

The lack of significant UTB adjustments among low-ETR firms following TCJA
suggests that their tax strategies are fundamentally different from those of
high-UTB or tax haven firms. Since these firms already pay very low effective
tax rates, they likely rely on stable, permanent tax avoidance mechanisms that
were less affected by TCJA’s regulatory changes. One explanation is that low
ETR firms may achieve tax savings through legal and predictable mechanisms
that do not generate UTBs, such as R&D tax credits, industry-specific tax in-
centives, or preferential tax regimes. These stable tax benefits do not introduce
tax uncertainty, which explains why these firms did not respond to TCJA by
adjusting their UTBs. Another key limitation of the ETR-based classification is
that it fails to distinguish between firms that reduce their tax burden through
tax breaks and those that engage in aggressive tax strategies that generate
UTBs. A firm with a low ETR due to real economic activity in a low-tax ju-
risdiction will behave differently from a firm that aggressively shifts profits or
engages in tax sheltering. The latter strategy is more likely to result in UTBs
due to the risk of regulatory challenge, while the former is not. These findings
also reinforce the idea that TCJA targeted tax uncertainty rather than general

tax efficiency. Firms with high UTBs or significant tax haven exposure were di-



5. Results 44

e - _ _ - —® - _
. 7 -9 - - - °
( 8 - 7’
—_ -~ -~ <
%) ~a”7
°
Sos
._"é
-O .
; Avoider Status
|_ ) _ .
S o6 -® Non-Avoider
S -~ Avoider
e}
—
C
©
[0}
=04
2015 2016 2017 2018 2019 2020
Year

Figure 5.5: Parallel Trends Visualization — KETR-Based Avoider
Grouping

Note: This figure shows mean values of log( UTB Additions) for firms
with and without tax haven subsidiaries over the period 2015-2020.
The post-reform period is shaded in grey. The two groups follow
broadly similar trajectories prior to the reform, providing visual sup-
port for the identification strategy used in the DiD analysis.

rectly affected by TCJA’s anti-avoidance measures, including the BEAT, GILTI,
and new limitations on interest deductibility. In contrast, firms with already
low ETRs were less affected by these provisions, as their tax-saving strategies

may have been more stable and unaffected by the reform.

Our analysis raises an important question about the appropriateness of using
effective tax rates as a proxy for tax avoidance, particularly in the context of
tax uncertainty. Our results suggest that while ETR-based classifications may
be useful for examining long-term tax efficiency, they may be a weaker predic-
tor of firms’ responsiveness to tax reforms aimed at reducing tax uncertainty.
Firms with low ETRs appear to have already optimized their tax structures
in ways that do not require large uncertain tax reserves, which explains their
lack of reaction to TCJA. In contrast, firms with high UTBs or extensive tax
haven subsidiaries engage in tax strategies that inherently introduce uncer-

tainty, making them more responsive to regulatory changes.

Taken together, the findings of this thesis reinforce the broader expectation



5. Results 45

that corporate tax reforms tend to have the strongest impact on firms engaged
in complex, uncertain tax strategies. Firms that had already optimized their
tax liabilities through stable, long-term tax planning strategies were largely
unaffected by TCJA, while those with high UTBs or significant tax haven ex-
posure were forced to adjust their tax positions in response to the reform’s
anti-avoidance measures. The estimated treatment effects across all three treat-
ment classifications are visualized in Figure 5.6. The figure presents quantile
regression DiD coefficient estimates for the interaction term ( Treatment x Post-
TCJA) at different points of the UTB distribution, illustrating how the TCJA’s

effect varies across the conditional distribution of tax uncertainty.

Table 5.10: Parallel Trends Test — Low ETR Firms

Dependent Variable: logUT B

25th 50th 75th
Avoider —0.3739"*  —0.3438"*  —0.1785"**
pre t1 —0.1195 —0.0710 0.1111
pre t2 0.0673 0.0422 0.1631
Total Assets 0.0000** 0.0000 —0.0000
Long-Term Debt —0.0000 0.0000 0.0000
Total Revenue 0.0000*** 0.0000*** 0.0000***
Cash Taxes Paid 0.0004** 0.0008*** 0.0009***
Total NOL C/F 0.0001*** 0.0001*** 0.0001***
Avoider x pre t1 0.2439 0.1005 —0.2825
Avoider x pre t2 0.1859 —0.0342 —0.0576
Constant —0.8926™*  0.4511*** 1.5250***
Observations 6,992 6,992 6,992

Note: *p < 0.1; **p < 0.05; **p < 0.01
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Table 5.11: Placebo Test — Low ETR Firms

Dependent Variable: logUT B

25th 50th 75th

Avoider —0.1877 —0.3780 —0.2347
Placebo Post —0.0997 —0.0466 —0.1521
Total Assets 0.0000** 0.0000 —0.0000
Long-Term Debt —0.0000 0.0000 0.0000
Total Revenue 0.0000*** 0.0000*** 0.0000***
Cash Taxes Paid 0.0004*** 0.0008*** 0.0009***
Total NOL C/F 0.0001*** 0.0001*** 0.0001***
Avoider x Placebo Post —0.1312 0.0437 0.0222
Constant —0.8254**  (0.4933*** 1.6883***
Observations 6,992 6,992 6,992

Note: *p < 0.1; **p < 0.05; **p < 0.01
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Figure 5.6: Quantile DiD Coefficients Across Different Treatment
Definitions

Note: This figure presents the estimated coefficients for the interac-
tion term Treatment x Post-TCJA from quantile DiD regressions of
log(UTB) on the treatment indicators and control variables, evalu-
ated across all quantiles. Each panel corresponds to one of the three
treatment group definitiosn: (1) firms with significant tax haven sub-
sidiary exposure, (2) firms with above-median pre-TCJA UTBs, and
(3) firms with persistently low long-run cash ETRs pre-TCJA. The
solid line in each panel plots the estimated treatment effect at each
quantile, while the shaded band represents 95% bootstrap confidence
intervals. Statistically significant post-reform reductions in UTB lev-
els are observed in the upper quantiles for the tax haven and high-
UTB treatment groups, indicating that the TCJA had a measurable
impact on firms with higher pre-reform tax uncertainty or aggressive
structures. In contrast, no significant effects are detected across the
quantiles in the low cash ETR grouping, raising questions about the
effectiveness of this classification as a indicator of responsiveness to
tax reform.



Chapter 6
Conclusion

In this thesis, we examined the relationship between UTBs and corporate tax
avoidance, with a focus on evaluating the robustness of UTBs as a proxy for tax
aggressiveness and, furthermore, analyzing how this relationship was affected
by the implementation of the TCJA in 2017. The study was motivated by prior
literature suggesting that UTBs, particularly their yearly additions, contain rel-
evant information about a firm’s tax avoidance behavior (Blouin & Robinson
2014; Dyreng et al. 2019). However, this thesis contributes to the literature
by re-assessing these claims using updated data, a broader set of econometric

tools, and a quasi-experimental design.

The empirical analysis proceeded in two main parts. First, we replicated the
baseline regression framework of Dyreng et al. (2019), where current-year UTB
additions scaled by sales (UTB Adds) were regressed on a dummy indicator
for tax avoidance based on the firm’s position in the cash ETR distribution.
Using data from 2015 to 2023, the replication produced substantially weaker
and statistically less robust results than the original study. In particular, the
coefficient on the Avoider indicator was significantly smaller and even changed
direction, indicating that tax avoiders, as classified by low cash ETRs, did not
exhibit systematically higher UTB Adds in the period after 2015. These find-
ings call into question the stability and generalizability of earlier conclusions,
suggesting that the relationship between UTBs and tax avoidance may have

shifted following major policy and reporting changes.

Diagnostic tests of the replicated approach revealed significant violations of

OLS assumptions, including heteroskedasticity and non-normality of residuals,
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which likely undermine the reliability of the baseline IRLS estimates. To address
these issues, we applied a Box-Cox transformation to the dependent variable,
which identified a logarithmic transformation as optimal. Re-estimating the
model using quantile regression at multiple points in the UTB distribution pro-
vided further insight into the heterogeneous nature of the UTB-avoidance rela-
tionship. Notably, the positive and statistically significant association between
the Avoider dummy and logarithm of the UTB Adds variable was concentrated
at the 75th percentile. At the same time, effects at lower quantiles were in-
significant. This result indicates that the relationship between tax avoidance
and UTBs is not homogeneous across firms but is driven primarily by firms in
the upper tail of the UTB distribution—Tlikely those engaging in more aggressive

or uncertain tax planning strategies.

The second part of the thesis exploited the TCJA of 2017 as a quasi-natural
experiment to identify how firms with different tax avoidance profiles adjusted
their reported tax uncertainty in response to the reform. Using a quantile
DiD framework, we estimated conditional quantile treatment effects of TCJA
exposure on log-transformed UTB additions, allowing for distributional hetero-
geneity. Firms were assigned to treatment groups using three distinct criteria:
(1) extensive tax haven subsidiary exposure, (2) above-median pre-TCJA UTB

levels, and (3) classification in the lowest tercile of long-run cash ETR.

Across the three treatment group classifications, the quantile DiD analysis
revealed that the effect of the TCJA on tax uncertainty—measured through
changes in UTB additions—was also concentrated in the upper tail of the dis-
tribution. Specifically, a statistically significant post-reform decline in UTB
additions was observed at the 75th percentile for firms with a high concentra-
tion of tax haven subsidiaries and those with elevated pre-TCJA UTB levels. In
contrast, the 25th and 50th percentiles showed no significant treatment effects,
and the interaction term was not statistically significant at any quantile in cash
ETR-based classification. All models controlled for firm size, revenue, leverage,

tax loss carryforwards, and cash taxes paid.

These findings provide causal evidence that the TCJA reduced tax uncertainty
primarily among firms with previously high tax avoidance profiles, consistent
with the idea that the reform reduced the marginal benefit of aggressive tax

strategies. Importantly, the quantile-based approach revealed that these effects
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are not captured by average treatment effects, which were generally insignifi-
cant. This suggests that prior studies relying on mean regression frameworks
may have overlooked important distributional dynamics and understated the

reform’s heterogeneous impact.

Moreover, the results offer new insights into the limitations of using UTBs as a
universal proxy for tax avoidance. While UTBs appear informative for identify-
ing aggressive tax behavior at the right tail of the distribution, they offer limited
explanatory power for the broader firm population. Consequently, empirical re-
searchers should interpret UTB-based proxies with caution, particularly when
applied across heterogeneous samples or over extended time periods that in-

clude structural tax policy changes.

Altogether, this thesis contributes to the literature in several ways: it provides
an updated assessment of the UTB-avoidance relationship using post-TCJA data;
it introduces a quantile-based econometric framework that uncovers heteroge-
neous effects; and it exploits a major tax reform to identify causal impacts
on firms’ tax uncertainty reporting. These results suggest that tax avoidance
research benefits from methods that account for distributional heterogeneity,
as average effects may obscure important firm-level dynamics. Our results
also carry potential implications for policymakers. Given that UTBs appear to
reflect aggressive tax planning, particularly among high-risk firms, their disclo-
sure may help tax authorities identify firms with elevated tax uncertainty. This
supports arguments that UTB reporting can act as a regulatory “roadmap”,
reinforcing the case for maintaining or even enhancing these disclosure require-

ments as part of broader efforts to combat corporate tax avoidance.

Future research could explore several extensions. One possible direction would
be investigating whether similar patterns hold in jurisdictions outside the U.S.,
particularly in response to OECD-led tax transparency initiatives (e.g., Base
Erosion and Profit Shifting (BEPS)). Another promising direction would be to
incorporate machine learning methods to analyze textual disclosures in 10-k
reports to measure tax uncertainty more directly. Lastly, revisiting this anal-
ysis with post-2025 data would be valuable to assess whether the behavioral
responses observed here were temporary adjustments or indicative of a longer-

term shift in corporate tax strategy.
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Appendix A

Example of Unrecognized Tax

Benefit Disclosure

Figure A.1 provides an excerpt from Apple Inc’s 10-K report for the fiscal
year ending in 2015, illustrating the company’s disclosure related to UTBs.
This example demonstrates how a publicly traded company communicates its

approach to accounting for uncertain tax positions, as mandated by FIN 48.

Uncertain Tax Positions

Tax positions are evaluated in a two-step process. The Company first determines whether it is more likely than not that a tax position will be
sustained upon examination. If a tax position meets the more-likely-than-not recognition threshold it is then measured to determine the amount
of benefit to recognize in the financial statements. The tax position is measured as the largest amount of benefit that is greater than 50% likely of
being realized upon ultimate settlement. The Company classifies gross interest and penalties and unrecognized tax benefits that are not
expected to result in payment or receipt of cash within one year as non-current liabilities in the Consolidated Balance Sheets.

As of September 26, 2015, the total amount of gross unrecognized tax benefits was $6.9 billion, of which $2.5 billion, if recognized, would affect
the Company’s effective tax rate. As of September 27, 2014, the total amount of gross unrecognized tax benefits was $4.0 billion, of which $1.4
billion, if recognized, would affect the Company’s effective tax rate.

The aggregate changes in the balance of gross unrecognized tax benefits, which excludes interest and penalties, for 2015, 2014 and 2013, is as
follows (in millions):

2015 2014 2013
Beginning Balance $ 4033 $ 2,714 $ 2,062
Increases related to tax positions taken during a prior year 2,056 1,295 745
Decreases related to tax positions taken during a prior year (345) (280) (118)
Increases related to tax positions taken during the current year 1,278 882 626
Decreases related to settlements with taxing authorities (109) (574) (592)
Decreases related to expiration of statute of limitations (13) (4) (9)
Ending Balance $ 6,900 $ 4,033 $ 2,714

The Company includes interest and penalties related to unrecognized tax benefits within the provision for income taxes. As of September 26,
2015 and September 27, 2014, the total amount of gross interest and penalties accrued was $1.3 billion and $630 million, respectively, which is
classified as non-current liabilities in the Consolidated Balance Sheets. In connection with tax matters, the Company recognized interest and
penalty expense in 2015, 2014 and 2013 of $709 million, $40 million and $189 million, respectively.

Apple Inc. 1 2015 Form 10-K | 56

Figure A.1: Excerpt from Apple Inc. 10-K Report (2015)
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List of Tax Haven Countries

Table B.1: List of Tax Haven Countries Used in the Research

Andorra

Anguilla

Antigua and Barbuda
Aruba

Bahamas

Bahrain

Barbados

Belize

Botswana

British Virgin Islands
Brunei Darussalam
Cape Verde
Cayman Islands
Costa Rica
Curacao

Cyprus

Dominica
Gibraltar

Grenada

Ireland

Latvia

Lebanon

Liberia
Liechtenstein
Luxembourg
Macao

Maldives

Malta

Marshall Islands
Mauritius
Monaco

Nauru

Palau

Panama

Samoa,

San Marino
Seychelles
Singapore

St. Kitts and Nevis
St. Lucia

St. Vincent and the Grenadines
Switzerland
Uruguay
Vanuatu

Source: Dyreng & Lindsey (2009), edited by author

Because of data availability, the following countries that are included in the

original source are not included in this research: Cook Islands, Guernsey

and Alderney, Isle of Man, Jersey, Montserrat, Bonaire and Leeward islands
(Netherlands Antilles), Niue, U.S. Virgin Islands.



Appendix C

Robustness Check Using Alternative

Tax Haven Definition

Table C.1: Quantile regression results: alternative tax haven list for

added robustness

Dependent variable:

Logarithm of UTB Additions

25th Quantile Median 75th Quantile
(1) (2) (3)
Haven Subsidiary (alternative list) 2.1795** 1.7547%** 1.4107*
(0.1418) (0.1053) (0.0935)
Post TCJA 0.1381 0.0346 0.0308
(0.0998) (0.0792) (0.0767)
Total Assets 0.0000 0.0000 —0.0000
(0.0000) (0.0002) (0.0001)
Long-Term Debt 0.0000 0.0001 0.00004
(0.0001) (0.0002) (0.0001)
Total Revenue 0.00001*** 0.00001*** 0.00001***
(0.000002) (0.000002) (0.000002)
Cash Taxes Paid 0.0005*** 0.0007*** 0.0008***
(0.0001) (0.0001) (0.00005)
Total NOL C/F 0.0001*** 0.0001*** 0.0001***
(0.00002) (0.00002) (0.00001)
Haven Subsidiary (alternative list)x Post TCJA —0.2712* —0.1886 —0.2264*
(0.1611) (0.1191) (0.1099)
Constant —1.5342** —0.1640** 1.0906***
(0.0869) (0.0680) (0.0668)
Observations 6,990 6,990 6,990
Note: *p<0.1; *p<0.05: **p<0.01
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